Manufacturing Processes


This report gives a brief explanation of the approaches employed in constructing the student built components of the intake and exhaust systems.  It is not intended to be a step-by-step procedure description that can be followed to create duplicate parts.  This report describes the general steps involved in producing the parts to show that they can actually be made using available resources at the college of engineering and to help others if new or similar parts need to be made in the future.  Appropriate safety precautions should always be observed when working with tools and complicated procedures should only be performed under the guidance of trained professionals. 

Throttle


The throttle body was machined out of solid 2 ½ inch round aluminum 6061.  The inside and basic outer contours were machined on the lathe.  The piece was then put in the lathe perpendicular to it’s axis using a four jaw chuck to center the piece.  This was necessary to cut away material leaving the protruding peg around the pivot pin.  The hole for the pivot pin was then drilled into the center of the peg.  The flat sides were then cut away using an end mill and the appropriate mounting holes were drilled and tapped.  


The pivot pin was first polished on the lathe to fit smoothly into the throttle body.  The middle was cut away using an end mill so that the butterfly plate would rest flat against it and rotate about the center of the throttle.  The ends were also cut away with the end mill to leave the notch that will fit into the slot in a throttle position sensor.  The holes for the butterfly plate mounting screw were then drilled and tapped to fit 6-32 ¼ flat head machine screws. 


The butterfly plate was cut from a piece of 2 inch round aluminum 6061.  Aluminum was chosen because there was some scrap lying around and aluminum is easy to machine.  First a smooth face was cut onto the end using the lathe.  Then about an inch of the end was spun down to the appropriate diameter to fit loosely into the throttle body.  The plate was then cut off the stock with a part off tool.  This left a small nipple in the center of the piece so that side was sanded down with a right angle rotary tool.  The screw holes were drilled on the drill press and the holes were chamfered so the tops of the machine screws lie flush with the surface of the butterfly plate. 

Intake


The restrictor, plenum and runners, excluding the injector mounts, were all wrapped as a single piece in carbon fiber.  The restrictor and runner molds were machined out of aluminum 6061 on the lathe to achieve exact dimensions and a smooth surface finish.  The runners were bored out in the center to reduce weight and to allow them to set on a mounting rack later in the process.  The restrictor was cut at the restrictor point and then both ends were tapped and screwed together.  This way the restrictor could be pulled apart in the middle after it had been wrapped.  The restrictor received final sanding and polishing after it had been cut and tapped to ensure that the transition between the two pieces was smooth.


A mounting rack was built for the runners so that they would match the exact spacing of the intake ports after being glued to the plenum.  Quarter inch holes were drilled in a piece of ¼ inch aluminum bar to line up with the intake port centers.  Bolts were then inserted in the holes and into the holes in the centers of the runners to align them.


Foam was used to form the initial shape of the plenum mold because it is cheap and easy to shape.  After the basic shape was achieved the foam mold was wrapped with fiberglass to make it more rugged.  This then received repeated layers of Bondo( and sanding to create the desired plenum shape.


The restrictor, plenum and runners were all glued together to create the complete intake mold.  Fillets were created around all the glued joints using Bondo(.  The entire mold was then coated with PVA Mold Release( so that the carbon fiber wrap could be easily removed after the resin hardened.  


To create the carbon fiber shell, small pieces of carbon fiber weave were soaked in carbon fiber hardening resin.  The mold itself also received a coat of resin.  Carbon fiber strips were laid on the plenum and the runners and restrictors were covered with carbon fiber that had been woven into sleeves.  The mold was then also wrapped with film and stuffing and finally vacuum bagged and left to dry overnight.  The products used in this process can be seen in the accompanying Product Selection Guide (the wrap was done at room temperature).  


After the wrap had dried, the entire piece was cut in half at the plenum in order to remove the mold from inside the carbon fiber shell.  The intake was then glued back together.  Holes were cut for the fuel injectors and the injector mounts were glued to the runners.

Headers


The club received a set of stock Honda CBR 600 F2 headers from a local motorcycle shop.  These headers matched calculated lengths so little modification had to be done.  The headers were left as received up to the point where the four headers combine into one exhaust pipe.  This exhaust pipe was cut off, shortened and redirected to fit the exhaust system into the layout of the FSAE racecar.  Then a hole was drilled in the exhaust pipe and a small nut was welded to the pipe so that the oxygen sensor could be mounted in the exhaust.  The headers will be wrapped with insulation when installed on the vehicle to provide extra thermal insulation between the exhaust and the rest of the vehicle.

[image: image1.jpg]PRODUCT SELECTION GUIDE FOR DIFFERENT CURE ENMPERATULRES

rclave/Oven H-lose

Quick Disconnect

moo wp»

~«—xIem

moomr

AT IO

A. Vacuum Bayg

F. Vac Valve \
gh Bag Connection)

Sealant Tape

B, Vacuum Bagging Film

C. Brealher/Bleeder

D. Release Film
E. Peel Ply

Laminale

~ v ®* =

CURE TEMPERATURE RANGES

Room Temperature

AT-200Y and AT-199

WL4400 or Release Bag 125

All Airweave® Breather Products

WL4600, WL4500 or Release Bag 125
Release Ply A, B, F or G (Structural Bonding)
Bleeder Lease® A, B or G (Non-Structural Bonding)
Vac Valve 401C or Vac Vaive 399

AQD 500TF Quick Disconnect

Airflow 65R Hose

Release All® 19, 50, Safelease 30 or 20L
Flashbreaker® 1 or Releasehoid 300
Stretchlon 200

250°F (121°C)

AT-200Y or GS-100 Sealant Tape

Release Bag 125, Stretchlon 700, WL5400 or
WL6400 Bagging Film

All Airweave® Breather Products

WL4600, WL4500 or WL5200 Release Film
Release Ply A, B, C, F or G (Structural Bonding)
Bleeder Lease® A, B or G (Non-Structural Bonding)
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Release Ali® 19, 50 Safelease 30 or 20L
Flashbreaker 1, 2, 5 or WC8500 PS
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